INTRODUCTION
Not too long ago, evolution brought us upright stance, which opened new possibilities for functional behavior but also posed new problems for the control of locomotion and balance. Infants are not born with such capacities. In the first place, infants lack the strength for upright posture (Thelen et al., 1984) . Additionally they completely lack experience with the pull of gravity and with vision, two sources of sensory information that are intimately involved in control of posture. Then there is the use of sensory feedback, which is essential for postural control. In a fully developed motor system, it is multi-modal and redundant, and intrinsically intertwined with anticipatory action, generating the reactive forces that are needed to counteract thempotentialuloss of balance. The main sensory systems that are involved in the control of balance are the visual, kinesthetic, and vestibular systems, and pressure receptors of the somatosensory system. From a developmental point of view, the degree of postural control and (C) 2005 Freund & Pettman, U.K. balance acts as a constraint on the development of specific motor skills. Development of postural control has been extensively described in the work of Woollacott and Shumway-Cook (e.g. Shumway- Cook & Woollacott, 1985; 1990) . In the present study, will review problems of balance control in children with Developmental Coordination Disorder (DCD) and present data of an analysis of short epochs of stable and unstable balance selected from trials of one-leg stance.
DEVELOPMENTAL COORDINATION DISORDER
Developmental Coordination Disorder is a classified disorder of problems in motor development (DSM-IV, APA, 1994) . DCD can be briefly defined as 'poor motor performance in daily activities that is not consistent with the child's age and intelligence, and is not due to a medical condition'. The DSM-IV classification of DCD is commonly assumed equivalent to the Specific Developmental Disorder of Motor Function (SDDMF) in the ICD-10 classification (WHO, 1992) . Swedish researchers (e.g. Gillberg & Gillberg, 1988) use the term DAMP (deficits in perceptual, attentional, and motor function) in addition to other categories of disorders, such as DCD and ADHD (attention deficit hyperactivity disorder). The authors point at the common cooccurrence of ADHD, DCD, and perceptual deficits, the prevalence of purer cases of AD(H)D and DCD being less than that of DAMP (Landgren et al., 1996) . In any case, there is no clear evidence of neurological impairment in these children, although the problems may reflect a non-optimal form of brain function, such as in minor neurological dysfunction (MND) (Hadders-Algra, 2003) .
The prevalence of DCD is 3 percent to 6 percent, with 2 to 3 times as many boys than girls affected.
The DSM classification of DCD explicitly states that the condition significantly interferes with activities of daily living or academic achievement or both. A review of 41 case studies of DCD (aged 4 to 16 years) lists, in order of reported frequency, dressing (e.g. tying shoelaces), drawing and writing, locomotion, constructional play and the use of cutlery and scissors, speech, and ball skills/outdoor play as the major activities in daily living and school work that meet limitations (Geuze, 2005a,b (Geuze, 2005b) . A general taxonomic distinction in the motor domain is that between gross and fine motor skills, with balance control specifically related to gross motor skill. The well-known Movement Assessment Battery for Children (M-ABC test, Henderson & Sugden, 1992) uses these classes of motor skills and has a further distinction between static and dynamic balance skills. These two types of balance are only weakly correlated, the former being more constrained compared with the latter because with a fixed base of support, the possibilities for a correction of loss of balance are much more limited.
It has been argued that perceptual difficulties are the cause of the motor problems in DCD (Laszlo & Bairstow, 1993) . A meta-analysis of Wilson and McKenzie (1998) From these characteristics of DCD, one should not conclude that children with DCD have, to a large extent, a similar pattern of deficits. These children are not a homogeneous group. On the contrary, the common finding is that only about half the children are affected in a specific skill or function (Geuze et al., 2001) . Correlations between specific motor tasks are usually weak, which implies that the child can fail on certain motor tasks and succeed on others, suggesting that there may be subgroups with a more homogeneous set of symptoms, possibly with a common underlying defect. A review of studies that used cluster analysis of performance on 5 to 6 motor tasks (including static balance) (Visser, 2004) (Williams et al., 1983) . In that age range, with perturbation of posture a transition is found from variable to structured response synergies (Shumway-Cook & Woollacott, 1985 , 1990 )and adaptations to sensory conditions improve (Foudriat et al., 1993) . Forssberg and Nashner (1982) Younger children (aged 11A to 7: years, n 14) qualitatively showed responses similar to those of adults, even when deprived of specific sensory input. The children, however, showed greater variability and could not suppress systematically the influence of inputs derived from the support surface or from vision when these provided inappropriate orientation information, due to the motion of the platform. For standing on two legs, measures of postural sway show a rapid decline of postural sway between 3 and 6 years, and a slower one up to the age of 11 years (Usui et al., 1995) . A longitudinal study of static balance in children aged 5 to 10 years revealed a transition around the age of 6 years in the postural sway velocity of the centre of pressure, a marker of strategy of reactive forces to loss of balance ( Kirshenbaum et al., 2001) .
For standing on one leg, a fast decline is found between 6 and 9 years, and a slower one up to the age of 11 years (Usui et al., 1995) . Anticipatory postural control, preceding voluntary arm movement while standing, is mature by 4 to 6 years (Shumway-Cook & Woollacott, 1985 , 1990 .
From this brief overview, it can be concluded that automatic postural control improves up to the age of about 10 years, with qualitative changes at the level of integrated processing of sensory input around the age of 6 years, and improvement of dealing with conflicting sensory input up to the age of 8 years.
POSTURAL SWAY, VISUAL FEEDBACK AND DCD
The problems of balance and postural control of children with DCD may now be evaluated against this background of normal development. Recently a number of studies appeared that specifically addressed postural control and static balance in children with DCD (see Table 1 ). Forseth and Sigmundsson (2003) Geuze 2003 for details). The unaffected children consisted of a younger group (n 12; rn/f 8/4) aged 6.0 to 8.3 years and an older group (N 14; m/f 7/7) aged 9.1 to 11.6 years. From these groups, a control group was selected (n 13; rn/f 9/4) with an age range of 6 to 11 years (mean age 9.0 years) that was matched for age and nearly for gender with the children with DCD-bp (n 13; m/f 10/3). None had severe learning difficulties, from which it may be assumed that the IQ was over 80. All children participated in the study of Geuze (2003) .
The motor performance of the children was tested at school with the Dutch version of the Movement-ABC test (Henderson & Sugden, 1993; Smits-Engelsman, 1998 ). The selection criteria for the children with DCD and balance problems (DCD-bp) were (i) M-ABC score < 15 th centile;
(ii) M-ABC balance subscore > 2; (iii) M-ABC static balance score > 1. The average M-ABC score for the control group was 4.5 (range 1.5-8) and for the DCD-bp group 15.6 (range 8.5-30.5). A typical example of the recordings and displacement of the center of pressure is shown in Fig. 1 .
Control of balance when standing still on one leg for 10-30 s was analyzed by cross-correlation of the lateral and AP force plate signals (Fx and Fy) with the muscle activation of the tibialis anterior, peroneus, rectus femoris and semitendinosus muscles. The main function of the peroneus muscle in one-leg stance is to control AP sway, but the muscle also has a lateral component. The tibialis anterior muscle is mainly involved in the control of lateral sway, but has also a small AP component, rectus femoris flexes the hip and semitendinosus flexes the shank and retracts the thigh. The EMG's were filtered (60-1000 Hz) and converted into a true RMS signal (0-35 Hz). Force plate signals were filtered low-pass at 10.5 Hz. These signals were sampled at 100 Hz.
From each recording, one epoch of 10 s was selected, usually from 5 to 15 s after the beginning, and 3 further epochs of 1.5 s. These were epochs when the child was (1) in balance; (2) unstable in balance; (3) close to losing balance; as evident from the path of the Center of Pressure (COP) in this epoch. The cross-correlation between EMG and force plate signals was calculated over these 4 epochs.
Cross-correlation between 'EMG and force signals should incorporate delays from the electromechanical coupling in the muscle (typically 50 ms) and transfer of force from the muscle through soft tissues to the force plate. These two were estimated together from adult reactive responses to voluntary loss of balance in AP or in lateral direction to be 50 to 60 ms. With children being slower (70 to 80 ms, Raynor, 1999 ) the delay time for the analysis was set at 80 ms. Eventual perceptual-motor delay of the Table 3 lists the number of subjects with significant (p <. 01) correlations for the 1.Ss epochs.
In the DCD-bp group, the lower correlation strength between EMG-activation and reactive forces in balance control could be due to an inconsistency in the timing of muscular activation in balance control.
STRUCTURAL DEFICITS ASSOCIATED WITH DC D?
The cerebellum is important for movement control and plays a particularly crucial role in balance and locomotion (Morton & Bastian, 2004 (Visser, 2003 (Visser, , 2005 (Fawcett & Nicolson, 1992; Yap & Van der Leij, 1994) . Such a deficit will become apparent during the performance of a motor task concurrent with a second non-motor task. According to this dual-task paradigm, a decrease in performance compared with the performance of the single-task condition indicates a lack of automatization of the primary (balance) task. The findings led Fawcett and colleagues to conclude that dyslexia is caused by a general deficit in the ability to automatize fully the skills that affect both reading proficiency and automatized motor skill. Nicolson and Fawcett relate the lack of automatization to cerebellar dysfunction.
CONCLUSION
Many children with DCD show poor postural and balance control, especially in extremely difficult situations. The characteristics of this poor control are likely to be task dependentuespecially task difficulty and the availability of sensory information will influence the quality of postural and balance control. The major characteristics of poor control in DCD are an inconsistent timing of muscle activation sequences, co-contraction, a lack of automatization, and slowness of response. Converging evidence indicates that cerebellar dysfunction contributes to the motor problems of children with DCD.
